QM/TM/IM) equipped with integrating sphere (EVERFINE Co.,Ltd. 80 mm in diameter). The size distribution and Zetapotential were measured using Malven Nano Zetasizer system by Malvern Instruments. The Flourier transformation infrared spectroscopy was measured in a Nicolet FTIR 5700. 1 H Nuclear Magnetic Resonance spectra were obtained using a
Bruker Ascend 400 spectrometer. The thermogravimetric analysis was performed on a NETZSCH STA 449c simultaneous differential scanning calorimetry and thermogravimetry. In vivo and ex vivo UCL imaging was measured with a modified Lumina XR system, two external CW 980 nm lasers (Connet Fiber Optics Co.,Ltd.) were used as the excitation sources.
Synthesis of CaS:Eu,Sm,Mn nanoparticles (ESM-CaS NPs)
2.75 mmol hexadecyl trimethyl ammonium bromide(CTAB) and 1.5 mL 1-pentanol were added to 20 mL cyclohexane, then mixed with aqueous solution of Ca(NO 3 ) 2 (0.5mL, 0.1M), Eu(NO 3 ) 3 (0.1mL, 1.5mM), Sm(NO 3 ) 3 (0.1mL, 1.5mM) and Mn(CH 3 COO) 2 (0.26 mL, 1.5 mM). The mixture was stirred vigorously for 30min forming a water-in-oil emulsion, and then left to stand for 1 h. Meanwhile, a water-in-oil emulsion containing (NH 4 ) 2 SO 4 (0.55mL, 0.1M) was prepared, and mixed with it, followed by slow agitation for 3 min. After aging for 10 min, 10 mL acetone was added to the mixture. The resultant particles were isolated via centrifugation at 10000 rpm for 10 min and alternately washed with acetone and ethanol. The precipitate was dried in vacuum and annealed at 850 C for 60 min under CO flow.
DT Modification of ESM-CaS NPs
First, 0.5mL 1-Dodecanethiol (DT) was mixed with 5 mL absolute ethanol in a three-neck flask, in which ethanol solution containing 0.1 M NaOH was slowly added to adjust pH to 8.5 and then stirred for 30 min in dry N 2 atmosphere. During this process, the as-prepared ESM-CaS NPs were dispersed in 10 mL absolute ethanol containing 20 μLTergitol NP-10, sonicated for 30 min, and added into the DT solution. The solution was stirred at 50 C for 24h under dry N 2 atmosphere. The DT@ESM-CaS NPs were collected by centrifugation at 10000 rpm, washed with ethanol, and finally dispersed in 2 mL cyclohexane.
Synthesis of DT/MUA@ESM-CaS NPs
The as-prepared DT@ESM-CaS NP solution in cyclohexane was added into 8 mL absolute ethanol, and sonicated for 10 min.
Then 150 mg 11-mercaptoundecanoic acid and 10 μL 3-mercaptopropionic acid were dissolved in 5 mL absolute ethanol.
The ethanol solution was adjusted to pH 9.0 with 0.1 M NaOH ethanol solution. After stirring for 30 min under dry N 2 atmosphere, the solution was added into the DT@ESM-CaS NP solution, and stirred vigorously for 48 h. The DT/MUA@ESM-CaS NPs were collected by centrifugation at 10000 rpm and washed with ethanol.
Synthesis of Arg-DT/MUA@ESM-CaS NPs
The as-prepared DT/MUA@ESM-CaS NPs were dispersed in 20 mL DMF and sonicated for 10 min to obtain a transparent solution. Then EDC·HCl (10mg) was added to the solution and stirred for 15 min. Afterward, NHS (5mg) was added and stirred at 37C for 2 h. The nanoparticles were isolated via centrifugation at 8000 rpm and re-dispersed in DMF (10 mL), in which 10 mL DMF containing 15 mg L-Arginine was then added, and stirred for 24 h in dark. The resulting Arg-DT/MUA@ESM-CaS NPs were collected by centrifugation and washed with ethanol.
Measurement of UCL Absolute Quantum
The as-prepared ESM-CaS NPs in anhydrous ethanol (1mg/mL) were placed in quartz cuvette, which was inserted into an integrating sphere (80 mm in diameter) from EVERFINE Corporation. The integrating sphere was mounted on the SteadyState&Time-Resolved Fluorescence Spectrofluorometer (PTI Corporation QM/TM/IM) with the entry and output ports of the sphere located in 90 geometry from each other in the plane of the spectrometer. Samples were excited with a 980 nm laser device (Shanghai Dream Laser Technology Co.,Ltd) coupled to fibre, the excitation density is 0.5W•cm −2 . The spectrum of excitation radiation not absorbed by the sample was measured at the wavelength from 970 to 1000 nm through neutral density filters. The spectrum of emission of each sample was measured from 400 to 900 nm without any neutral density filter. Pure anhydrous ethanol was used as the reference sample to record blank background. The absolute quantum yield of each sample was then determined according to the equation:
where QY is the absolute quantum yield, L sample is the emission intensity, E reference and E sample are the intensities of the excitation light not absorbed by the sample and the reference sample, respectively.
Latent Fingerprint Detection
Latent fingerprints were imprinted onto the surface of a substrate. After aging for 12 h, 1 mL Arg-DT/MUA@ESM-CaS NP aqueous solution (2.0 mg/mL) was dropped upon the general area of the fingerprints and allowed to incubate for 15 min at room temperature. Subsequently, the surface was rinsed (wash bottle) to remove excess nanoparticles and allowed to dry for UCL imaging. All UCL images were collected under 980 nm excitation (power ≈ 200 mW), by a commonly used smartphone equipped with a12-megapixel camera.
Cytotoxicity of PEG-DT/MUA@ESM-CaS NPs
In vitro cytotoxicity was measured by performing the CCK-8 assay on A549 cells. Cells were seeded into a 96-well cell culture plate at 5×10 3 /well, under 100% humidity, and were cultured at 37Cin 5% CO 2 for 24 h; different concentrations of PEG-DT/MUA@ESM-CaS NPs (0, 100, 200, 400 and 600 μg/mL diluted in DMEM) were then added to the wells. The cells were subsequently incubated for 5 h and 24 h at 37C in 5% CO 2 . Thereafter, the CCK-8 solution (10μL) was added to each well and incubated with the cells for another 1 h. After thorough mixing, the absorbance was measured at 450 nm by means of a Tecan Infinite M200 monochromator-based multifunction microplate reader. The given result was the average of five wells. The cytotoxicity was expressed as the percentage of the cell viability compared to that of untreated control cells. The following formula was used to calculate the inhibition of cell growth: Cell viability (%) = (mean of Abs. value of treatment group/mean Abs. value of control)×100%.
In vivo and ex vivo UCL imaging
Female Balb/c mice (weight 20~30g) were obtained from Shanghai SLAC laboratory Animal Co., Ltd. All the experiments were carried out in strict accordance with the guidelines established by the Committee on the Use and Care of Animals at the Hunan Province, P. R. China, and the protocol was approved by the Ethics Committee of the University of Hunan Normal University. Balb/c mice were intravenously injected with PEG-DT/MUA@ESM-CaS NPs saline solution (2 mg/mL, 200 μL). Mice were anesthetized by chloral hydrate solution for in vivo UCL imaging and sacrificed. The major organs such as heart, liver, spleen, lung, stomach and kidneys were collected, and washed for ex vivo UCL imaging. UCL signals were collected at 625-675 nm, and analyzed with Lumina XR Living Image Software.
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